To analyze the psychosocial factors associated with central serous chorioretinopathy (CSC) according to its phases and subtypes and to correlate the factors with the extent of choroidal hyperpermeability. Methods: Age-and sex-matched CSC patients and controls (n = 37 in each group) were enrolled, and their psychosocial factors were compared. CSC was divided into two phases (active and inactive), and active CSC was further divided into two subtypes (acute and chronic). The correlations between the size of the hyperpermeable choroidal lesion identified on indocyanine green angiography and psychosocial factors were examined. Results: Active CSC patients experienced more stressful events (p = 0.030), were more depressive (p = 0.037), and felt less emotional (p = 0.014) and informational (p = 0.014) support than the matched controls, whereas inactive CSC patients were comparable to the matched controls in all psychosocial factors. Among the active CSC patients, acute patients were more depressive (p = 0.029), while chronic patients experienced more stressful events (p = 0.024) than their matched controls. The size of the hyperpermeable choroidal lesion was correlated with the severity of depression in acute patients. Conclusions: Association of CSC with psychosocial factors was dependent on the phase and subtype of CSC.
Central serous chorioretinopathy (CSC) is a disorder characterized by serous detachment of the neurosensory retina from the retinal pigment epithelium (RPE) and is often associated with diffuse RPE atrophy. CSC is approximately six times more prevalent in men than in women [1, 2] . Although the exact pathophysiology of CSC is yet to be determined, CSC is known to be related to personality (i.e., type A), anxiety, and stress [3] [4] [5] [6] [7] [8] , and stress-induced hypercortisolism may contribute to the development of CSC [9] .
CSC is classically divided into two phases (active and inactive) and two subtypes (acute and chronic). Although many studies have investigated the association of active CSC with psychological factors [5, 7, 10, 11] , the association of inactive CSC with psychological factors has received much less consideration. Furthermore, the subtype of CSC was not considered in the previous studies on the association of CSC with psychological factors, despite the differences in pathological and clinical characteristics of acute and chronic CSC. Acute CSC is characterized by serous retinal detachment accompanied by limited focal or multifocal RPE changes and often resolves within 3 to 4 months with a favorable visual outcome. in contrast, the chronic form of CSC, also known as diffuse retinal pigment epitheliopathy, is characterized by widespread RPE atrophy and has a poor visual outcome [1] . Choroidal vascular hyperpermeability is one of the key pathologies in CSC and has been associated with the severity and/or activity of CSC [12, 13] . However, the associations between vascular hyperpermeability in CSC and psychosocial factors have not been thoroughly studied.
in this study, we investigated the psychological factors associated with CSC according to phase and subtype. in addition, we analyzed the correlations between psychological factors and the extent of choroidal hyperpermeability as measured by indocyanine green angiography (iCGA).
Materials and Methods

Participants
Participants were consecutively enrolled from those with CSC visiting the ophthalmology outpatient clinic of Seoul National University Bundang Hospital between October 26, 2012 and February 28, 2015 . Patients were excluded if any of the following were present: another ophthalmic disorder that might affect vision and/or foveal structure (e.g., age-related macular degeneration, diabetic retinopathy, retinal vascular obstruction, or uveitis); a history of intraocular surgery other than uncomplicated cataract surgery; or inability to read and respond to the questionnaire. Ageand sex-matched healthy volunteers without a history of ocular disease were enrolled from the Medical Check-up Center of Seoul National University Bundang Hospital during the same period. All subjects provided informed consent. This study was approved by the institutional review board of Seoul National University Bundang Hospital, Seongnam, South Korea) (B-1208/166-009). All study conduct adhered to the tenets of the Declaration of Helsinki, and written informed consent was obtained from all study participants.
Ophthalmologic evaluation
Patients underwent examination by slit lamp, fundoscopy, optical coherence tomography (OCT; Spectralis OCT, Heidelberg Engineering, Heidelberg, Germany), fluorescein angiography, and/or iCGA (Heidelberg Retina Angiography, Heidelberg Engineering). One skilled observer (YKK) manually measured the size of the hyperpermeable choroidal lesion on iCGA using the built-in caliper tool. The size of the hyperpermeable choroidal lesion was defined as the diameter of the smallest circle covering the main hyperpermeable choroidal lesion, as identified on mid-to late-phase iCGA and that resulted in accumulation of subretinal fluid. We selected mid-to late-phase iCGA images that revealed prominent vascular leakage or punctate hyperf luorescence spots. Using the built-in caliper tool, we drew the smallest circle that covered all hyperpermeable lesions for each image. if the patient had two distinct hyperpermeable choroidal lesions, the two were measured separately, and the lesion sizes were summed (Fig.  1A, 1B) .
Psychosocial evaluation
We evaluated state and trait anxiety using the State-Trait Anxiety inventory [14, 15] . The State-Trait Anxiety inventory has 20 items for assessing trait anxiety and 20 items for assessing state anxiety. Each item is rated on a 4-point scale; higher scores indicate greater anxiety levels. We evaluated depressive symptoms using the Beck Depression inventory, which consists of 21 items [16] . Higher scores indicate that the subject is more depressed. We evaluated major life stressors that patients had experienced using the Social Readjustment Rating Scale [17] . This questionnaire consists of 43 stressful life events that patients might have experienced within the past 12 months. Higher scores indi-cate that the subject is experiencing more cumulative stress due to life events. We evaluated stress coping strategies using the Coping inventory for Stressful Situations [18] . This instrument consists of 48 items that distinguish between three basic coping strategies with 16 items per scale: task-oriented (T scale), emotion-oriented (E scale), and avoidance (A scale). We evaluated perceived social support using the Medical Outcomes Study Social Support Survey [19] . All instruments were self-administered questionnaires.
Diagnosis and classification of CSC
We diagnosed CSC based on findings on fundoscopy, f luorescein angiography, iCGA, and OCT. Patients who had subretinal fluid with active leakage on fluorescein angiography and choroidal vascular hyperpermeability as seen on ICGA were classified as having active CSC. Those with a history of CSC confirmed by medical records, but no current subretinal fluid on OCT or active leakage on fluorescein angiography were classified as having inactive CSC. We also classified active CSC into subtypes according to the presence or absence of widespread RPE atrophy. Acute CSC was defined as CSC with focal RPE atrophy (less than 1-disc area). Subretinal fluid of this subtype usually resolved spontaneously within 3 months. We also included patients who underwent photodynamic therapy due to persistent subretinal fluid in this category, unless they are accompanied by widespread RPE atrophy. Chronic CSC was defined as a chronic disease course of recovery and relapse accompanied by widespread RPE atrophy (larger than 1-disc area).
Statistical analyses
We compared the demographic and psychometric characteristics between the CSC and control groups using the Mann-Whitney U-test. We examined the correlation between choroidal hyperpermeable lesion size and psychosocial characteristics using Pearson's correlation test. The statistical analyses were performed using Stata ver. 13.0 (Stata Corp, College Station, TX, USA). Statistical significance was defined as p < 0.05, and borderline significance was defined as p ≥ 0.05 and p < 0.08.
Results
in this study, we recruited 37 CSC patients and 37 ageand sex-matched controls. Of the 37 CSC patients, 19 were A B in the active phase and 18 were in the inactive phase at the time of enrollment. Of the 19 active CSC patients, 10 were classified as acute CSC without any history of previous CSC events, and 9 were classified as chronic CSC with a relapsing course of disease accompanied by large RPE atrophy. All inactive patients had previous history of more than two CSC recurrences that subsided spontaneously or following photodynamic therapy. At the time of enrollment, no activity (no subretinal fluid) was observed in the eyes of the inactive patients.
As summarized in Table 1 , the CSC group showed higher state anxiety (45.9 ± 12.9 vs. 40.3 ± 9.6, p = 0.036) scores, stress (532.2 ± 599.1 vs. 263.3 ± 280.5, p = 0.016) scores, and borderline high depression (11.8 ± 7.6 vs. 8.1 ± 8.8, p = 0.059) scores compared to the control group. Their active stress coping (99.2 ± 18.4 vs. 106.7 ± 18.0, p = 0.080) and perceived emotional support (54.8 ± 22.0 vs. 63.3 ± 18.1, p = 0.072) scores were borderline lower than those of the control group. Analyzing patients with active CSC and inactive CSC separately, we discovered that the active CSC group showed higher stress (453.4 ± 531.5 vs. 192.0 ± 210.8, p = 0.030) and depression (11.5 ± 6.8 vs. 8.6 ± 11.1, p = 0.037) scores and lower emotional support (47.9 ± 22.2 vs. 65.1 ± 20.7, p = 0.014) and informational support (51.3 ± 22.0 vs. 66.1 ± 18.0, p = 0.022) scores than their age-and sexmatched controls. However, such differences were not found between the inactive CSC group and the control group (Table 1) .
When we further divided the active CSC group into acute and chronic subtypes, the acute active CSC patients showed a higher depression score (12.4 ± 5.2 vs. 7.0 ± 6.6, p = 0.029), while the chronic active CSC patients showed a higher stress score (282.1 ± 159.9 vs. 131.7 ± 100.5, p = 0.024) than their age-and sex-matched control groups. The acute active CSC group also showed lower active stress coping Size of the hyperpermeable choroidal lesion was correlated with depression score (r = 0.789, p = 0.007) in the acute CSC group. Lesion size was correlated with state anxiety score (r = 0.647, p = 0.060) and trait anxiety score (r = 0.666, p = 0.050) in the chronic CSC group with borderline significance ( Fig. 2A-2H ).
Discussion
in this study, we found that psychosocial factors such as anxiety, depression, or stress were associated with CSC in the active phase but not in the inactive phase. We also found that the psychosocial factors associated with active CSC were different between acute and chronic subtypes. Acute CSC was associated with depression, inadequate stress coping, and less social support. On the other hand, chronic CSC was associated with stress.
in all previous studies except one [20] , patients with CSC were found to be more prone to emotional distress or illness-related work stress [5, 7, 10, 11] , possibly because of their inadequate coping strategies [10] or low perceived social support [5, 21] . However, most of these studies were conducted on patients with active CSC; the subtype of CSC was not considered. The various psychosocial factors that were associated with CSC in previous studies can be either traits or states of people with CSC. if the association of CSC with psychosocial factors is different according to phase, i.e., active or inactive, one could ascertain whether the psychosocial factors are trait or state markers of the disease. This study suggests that anxiety, depression, and stress are associated with CSC in the active phase but not in the inactive phase, thus supporting the proposition that these psychological factors are state markers of CSC. After analyzing acute and chronic CSC separately, we determined that acute CSC was associated with depression, while chronic CSC was associated with stress. Patients with acute CSC showed less active-stress coping, felt lack of emotional support, and were more depressive than the normal controls. Although this study was cross-sectional and could not show a causal relationship between depression and acute CSC, enhancement of coping skills and/or enrichment of emotional support may be helpful in reducing the risk or severity of acute CSC.
On the other hand, chronic CSC was associated with stress. All other psychosocial factors we evaluated were comparable with those of the control group. Although the active coping and perceived emotional support in the chronic CSC group were slightly lower than those in the normal control group, the differences did not reach statistical significance. Chronic CSC develops in older patients who have a greater incidence of bilateral involvement and are more likely to develop secondary choroidal neovascularization [1] . There have been a few studies that directly compared the psychosocial characteristics between acute and chronic CSC. Lahousen et al. [22] reported that patients with acute CSC had more psychosomatic complaints and negative stress coping but a comparable number of critical life events before diagnosis compared with chronic CSC. Tittl et al. [2] reported that patients with chronic CSC were more likely to use anxiolytics or antidepressants than normal controls, but those with acute CSC were not. interestingly, in acute CSC patients, the severity of depression showed good linear correlation with the size of the choroidal pathology. inappropriate activation of the mineralocorticoid receptor (MR) in choroidal endothelial cells has been recently suggested as a molecular mechanism for choroidal vasodilation in CSC [23, 24] , and MR antagonists have shown promising results in the treatment of non-resolving CSC cases [25] [26] [27] . it is also known that the MR plays an important role in the hypothalamic-pituitary-adrenal axis and is a principal mediator in stress, which is also a predisposing factor in the development of depression [28, 29] . There might be an association between depression and acute CSC via inappropriate MR activation, and further study is needed to prove this hypothesis. However, in chronic CSC patients, both state and trait anxiety levels showed marginal linear correlation with the size of the hyperpermeable choroidal lesion. The stress level, which was significantly higher in the chronic CSC group compared to age-and, sex-matched controls, did not show significant correlation with the size of the hyperpermeable choroidal lesion.
in this study, we measured the frequency of stressful life events, and the degree of stress perceived by individuals might have varied according to their mechanisms for coping and/or their degree of social support. indeed, a previous report showed a weak correlation between the number of critical life events and a patient's distress as measured by the Symptom Checklist-90-R [11] . in certain circumstances, such as a relapsing eye disease accompanied by stressful life events, anxiety might predispose patients to the chronic state of the disease. Anxiety is thought to be an essential feature of CSC [6, 8, 30] , and further research on the role of anxiety in the development or progression of CSC might be needed.
in this study, we only included patients with documented subretinal fluid on previous OCT images, confirming the diagnosis of CSC in currently inactive patients. However, some of the patients might harbor the characteristics of pachychoroid pigment epitheliopathy or pachychoroid neovasculopathy, which share clinical and pathophysiological features with CSC [31, 32] . Once the diagnostic criteria for these diseases are established, a comparative study might be needed to determine any differences in the psychosocial state of these patients and CSC patients.
This study has several limitations. First, this study was cross-sectional and therefore could not determine a causal relationship between CSC and psychosocial factors. Second, the sample size was small, but the age-and sexmatched controls enrolled in this study might have improved the statistical power. Third, we did not measure the numbers of critical life events. However, we evaluated the stressful life events within 12 months of CSC onset, which may be more inf luential on CSC than lifetime events. Fourth, all inactive patients in this study experienced several recurrences during the follow-up period. Further stud-ies that include patients who recovered from acute CSC without recurrence might be needed to better elucidate the psychological status of inactive CSC patients. Fifth, we could not analyze the psychosocial features of CSC patients according to recurrence history, such as the number of relapses or the duration of the disease-free period, due to the small number of cases. Finally, we did not examine the use of psychotropic medications.
in conclusion, psychosocial factors were associated with CSC in the active phase. However, the psychosocial factors that were associated with acute CSC were different from those associated with chronic CSC. in acute active CSC, severity of depression was correlated with the size of the choroidal pathology. Further studies with a prospective design are warranted to determine if psychosocial factors can trigger CSC and the mechanism of provocation.
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